Patients with adrenal cortical insufficiency exhibit an increased taste sensitivity for sodium chloride (NaCl) (1) . Treatment with carbohydrate-active steroids returns the abnormal threshold to normal levels (1). In a variety of acute and chronic debilitating diseases, a number of them exhibiting major abnormalities of water and electrolyte metabolism, taste threshold for NaCi is comparable to that observed in healthy subjects (1). Taste thresholds for all modalities are decreased in cystic fibrosis, but they do not change after treatment with steroids (2).
Patients with adrenal cortical insufficiency exhibit an increased taste sensitivity for sodium chloride (NaCl) (1) . Treatment with carbohydrate-active steroids returns the abnormal threshold to normal levels (1) . In a variety of acute and chronic debilitating diseases, a number of them exhibiting major abnormalities of water and electrolyte metabolism, taste threshold for NaCi is comparable to that observed in healthy subjects (1) . Taste thresholds for all modalities are decreased in cystic fibrosis, but they do not change after treatment with steroids (2) .
The present study was designed to examine in detail taste thresholds in adrenal insufficiency and to explore the effect of adrenal cortical hormones on taste.
METHODS
The subjects of this study were 13 normal volunteers, aged 6 to 35, two patients with anterior pituitary insufficiency, aged 21 and 36, and seven patients with Addison's disease, aged 25 to 65. All patients with Addison's disease had clinical features of this disease, urinary 17-hydroxycorticosteroids that were below 2 mg per 24 hours and did not increase with adrenocorticotropin (ACTH), 40 U given intravenously over 8 hours, each day for 5 days. Both patients with anterior pituitary insufficiency had hypothyroidism, hypogonadism, and adrenal insufficiency, with urinary 1 7-hydroxycorticosteroids in J.M. and S.P. of 1.1 and 2.2 mg per day, respectively, rising to 27 and 10.9 mg per day, respectively, with ACTH. All patients remained on an air-conditioned metabolic ward and ate a normal diet, which was well tolerated even when they were not receiving treatment. Sodium intake was 100 to 200 mEq per day. Body weight, determined with metabolic scales daily on arising, was used to provide a gross estimate of changes in the volume of body fluids. The patients were studied under each of three conditions: a) untreated for 4 or more days, b) treated with desoxycorticosterone acetate (DOCA), 20 mg per day for 1 to 7 days, and c) treated with prednisolone (A1F), 20 mg per day for 2 to 5 days.
In addition, detection thresholds for the taste of NaCl were measured between 7 and 8 a.m. in three normal Caucasian males, aged 18 to 20, before and during treatment with Pitressin. The two levels of sodium intake during Pitressin were 9 mEq and 150 mEq per day. Taste was evaluated by measuring the detection threshold. A detection threshold is defined as the lowest concentration of test solution that can be consistently distinguished from distilled water. Thresholds were measured by one observer in the early morning hours in the normal subjects and in the morning or evening hours, or both, in the patients with adrenal insufficiency. Occasional retesting of the patient by another observer gave comparable results on each occasion. At the time of testing, the patients had not smoked or eaten for at least 1 hour. After the mouth was rinsed with distilled water, the solutions of test substance or glass-distilled water were administered as single drops and placed on alternate sides of the anterior one-third of the tongue.
Each test solution was presented to the patient together with two solutions of distilled water. The patient was requested to state which of the three solutions tasted different from the other two. The test solutions ranged from concentrated solutions, which taste different from water to all subjects, to dilute solutions which cannot be distinguished from water by normal subjects. \Vhen responses changed from consistently correct to incorrect, retests were made at and around the transition point. Threshold is defined as the lowest concentration of test substance to which the subject gave two successive correct responses while giving two consecutive incorrect responses at the next lower concentration. Thirteen different concentrations of test solution were each presented at least twice, and the order of presentation was varied. The probability that a threshold is determined by chance under these conditions is 1 in 2,500.1 In this manner, thresholds were determined for representatives of each of the four basic taste modalities: NaCl, potassium chloride (KCl), and sodium bicarbonate (NaHCO3) for salt; sucrose for sweet; urea for bitter; and hydrochloric acid (HCl) for sour. All solutions were made in glassdistilled water with reagent grade chemicals. All solu-1 Statistical analysis of the method required that a model of the experimental design be made. Based on this model, all possible combinations of patient response were evaluated. The probability determination given above is the result of these calculations. Taste thresholds in normal subjects. The de-detection threshold for each substance in each patection threshold for each substance in each nor-tient with untreated adrenal insufficiency is premal subject is presented in Table I . The medians sented in Table II . The medians of the detection of the detection thresholds for all normal sub-thresholds for the patients are as follows: NaCl, jects for the substances tested are as follows: KCI, NaHCO3, and sucrose, 0.1 mmole per L; NaCl, NaHCO5, and sucrose, 12 Note that the median detection thresholds in the normal subjects are similar to those found in the literature (dotted lines). There is no overlap between the thresholds of the patients and those of the normal subjects. The figure illustrates taste thresholds for NaCl in 15 normal volunteers not included in Table I. and urea differ appreciably from them. All patients with adrenal insufficiency showed a markedly increased ability to detect all substances tested. They could detect minimal concentrations at least 8 times more dilute than those detected by the most sensitive normal subjects and, at most, 60,000 times more dilute than those detected by the least sensitive normal subjects. In no case did the range of the thresholds observed for a substance in the patients with adrenal insufficiency overlap the range observed for that substance in the normal subjects (Figure 1) .
The detection threshold for each substance in each patient with adrenal insufficiency treated with DOCA alone is presented in Table III Table IV . The medians of the detection sium concentrations toward normal levels and a thresholds for the patients are as follows: NaCl, gain in body weight (Table III) .
KCl, NaHCOa, and sucrose, 12 mmoles per L; The detection threshold for each substance in urea, 120 mmoles per L; and HCl, 0.8 mmoles per (Table IV) . These values for median detection thresholds are virtually the same as those observed in normal subjects. In addition, detection thresholds determined in J.M. at a time when he was treated with prednisolone, 5 mg per day, were similar to those obtained during treatment with the higher dose of prednisolone. A lower dose of prednisolone, 2.5 mg per day, given for 2 days did not change the markedly lowered threshold values. It is clear that treatment with carbohydrateactive steroid returns taste threshold to normal levels in all patients with adrenal insufficiency studied.
DISCUSSION
Determination of threshold for a variety of substances representing the basic modalities of taste (salt, sweet, bitter. and sour) showed that the threshold for all these substances was lowered in patients with untreated adrenal insufficiency, and indicated that taste is markedly altered in this disease state. The absolute thresholds were not the same for all substances tested, but the magnitude of the difference between values for the normal state and those for adrenal insufficiency was roughly the same for all substances. This difference is about 100 times with a range of 8 to 60,000 times. The magnitude of this difference may be in part attributable to the time of day selected for testing the normal subjects. While patients with adrenal insufficiency show no change in taste threshold throughout a 24-hour period, normal subjects exhibit a diurnal variation in taste threshold. In the afternoon, when sensitivity is greatest, this variation has been shown in a few subjects to overlap slightly the range of responses of the least sensitive individuals among the patients with untreated adrenal insufficiency (4). All the normal subjects in the present study were tested in the early morning hours, when sensitivity is least.
The increase in taste sensitivity in patients with adrenal insufficiency was originally noted for NaCl (1). It has long been known that patients with adrenal insufficiency may have a craving for NaCl. Fifteen to 20%o of the patients with adrenal insufficiency have been noted to exhibit this salt craving (5, 6) . In our studies, all patients with this disease had an abnormally lowered taste threshold for NaCl. This difference in incidence suggests that the phenomenon of salt craving is different from that of increased taste sensitivity.
The thresholds observed for normal subjects in the present study are essentially the same as those reported in the literature (Figure 1 ), which have been obtained by various methods, most of which differ from that used here (3, (7) (8) (9) (10) (11) (12) (13) (14) Figure 2 . In this patient, prednisolone alone returned taste to normal while hyponatremia and hyperkalemia were still present, whereas DOCA did not affect taste threshold, although it returned serum sodium and potassium to normal and produced a marked gain in body weight. This pattern of response was similar for all substances tested in all the patients with adrenal insufficiency (Tables II  to IV ).
In normal subjects made hyponatremic by treatment with Pitressin and water, taste threshold remained unchanged, even with concentrations of serum sodium as low as 112 mEq per L (Table  V) . In a number of subjects deprived of sodium I Pitressin increased to 10 pressor U per day and each subsequent day. Thresholds determined daily, on subsequent days, during Pitressin.
(1) or treated with DOCA (15), taste thresholds also remained unchanged. A number of patients who had developed severe hyponatremia and contraction of extracellular volumes as a result of a variety of disease states showed no abnormality in taste threshold (1, 16) . On the other hand, an increased taste sensitivity has been found in patients without alterations in total body water or sodium. In patients with cystic fibrosis, despite normal concentrations of sodium and potassium in the serum, taste thresholds were as low as those observed in patients with adrenal insufficiency. Despite treatment with DOCA or prednisolone, with accompanying changes in water and electrolyte metabolism, these thresholds remained unchanged. These observations suggest that the taste sensitivity is independent of the concentration of sodium or potassium in the serum and of changes in extracellular fluid volume. Thus it is likely that the sodium retention and edema accompanying the uremic state in two patients given a diet low in sodium chloride were not the principal cause of the patients' abnormally low taste threshold for NaCl (1).
Yensen has reported that the taste threshold for NaCl is decreased with depletion of body sodium and increased with depletion of body water (17) (18) (19) . These changes in threshold for NaCl were not accompanied by changes in threshold for any of the other modalities of taste, a phenomenon never observed in the present studies. Such a dissociation of threshold might be in part accounted for by a change in preference for NaCl brought on by the conditions of the test. Indeed, the method by which this recognition threshold was determined would include a large subjective component, e.g.. changes in preference. The changes in threshold reported by Yensen are so small that subjective factors could perhaps account for them. This might explain a decrease in taste threshold in one subj ect with a decrease in the concentration of serum sodium of only 2 mEq per L (140 to 138 nmEq per L). The accompanying decrease in body water was comparable to that observed during a study of water deprivation when taste threshold was noted to increase (19) .
De Wardener and Herxheimer, using a method similar to the one used by Yensen, studied the recognition threshold for NaCl during forced water drinking. The water intake was not sufficient to change serum sodium concentration (20) . The thresholds reported during the period of water drinking were at times comparable to those observed during the control period, and varied over a range as great as the changes reported by Yensen. The ability to restore taste threshold to normal is not limited to a single carbohydrate-active steroid. Furthermore, excessive amounts of steroid need not be given to restore taste to normal. At the time of admission, the patients with adrenal insufficiency had been taking only the following steroids or combination of steroids: cortisone acetate, 37.5 mg per day; or prednisolone, 5 mg per day; or dexamethasone, 0.75 mg per day, or 9 a-fluorohydrocortisone, 0.1 mg per day, or both.
At this time, all taste thresholds were in the normal range and were comparable to those obtained during treatment with a dose of prednisolone, 20 mg per day, which is much greater than the usual dose for these patients.
Patient J.M. is a representative example (Table  IV) . On a maintenance dose of prednisolone, 5 mg per day, he showed threshold values comparable to those obtained with the larger dose of prednisolone, 20 mg per day. When carbohydrate-active steroid was administered in a dose lower than the usual maintenance dose, it had no effect on the abnormal threshold (Table IV) . A dose of ACTH sufficient to return adrenal function to the normal range or above also returned taste threshold to the normal range (J.M. and S.P., Table IV (16) . Yet, in a large number of patients with a variety of acute and chronic debilitating illnesses not involving disease of the adrenal cortex, no significant alteration in taste could be found (1, 16) . Studies on normal volunteers given large exogenous doses of prednisolone, 20 mg per day, for 5 days indicate that taste threshold does not change with this treatment (16) .
In both the treated and untreated states, taste threshold does not depend upon ionization (compare NaCl with sucrose) or on the degree of dissociation of the ionized species (compare NaCl with NaHCO3), since the threshold for all three substances is the same. Since urea, a substance that readily passes through cellular membranes, could be tasted only in a concentration 10 times greater than that of the other five substances tested, simple membrane permeability is probably not a critical factor. This suggestion is further supported by the finding that the thresholds for NaCl and sucrose are the same despite differing molecular sizes and permeability characteristics.
The mechanism by which carbohydrate-active steroids alter taste threshold is not clear. Indeed, the neurophysiology of taste in general is not well understood. Carbohydrate-active steroids, however, have been shown to have an important effect on nerve function (21) , and perhaps their effect on taste is mediated through an effect on nerve function.
Studies with three additional patients with Addison's disease, off treatment, have revealed that the median detection thresholds for the four basic modalities of taste are 10 to 1,000 times lower than the lowest thresholds reported in Table II (patient GB). SUMMARY 1. Taste thresholds for salt (NaCl, KCI, Na-HCO:,), sweet (sucrose), bitter (urea), and sour (HCl) were determined -in nine patients with adrenal insufficiency (seven with Addison's disease and two with panhypopituitarism) and compared to those in normal volunteers. In adrenal insufficiency the taste sensitivity was roughly 100 times (range, 8 to 60,000 times) more acute than that in the normal subjects.
2. Treatment of the patients with desoxycorticosterone acetate (DOCA), 20 mg per day, returned serum sodium and potassium concentrations to normal and produced gains in body weight, but did not alter taste threshold. Taste threshold for all modalities was unchanged in a variety of conditions in which alterations in the conicentration of serum sodium were produced or occurred naturally.
3. Treatment with prednisolone, 20 mg per day, returned taste threshold to normal in every patient, usually within the first day and frequently before any change in serum electrolyte concentrations or in body weight. When prednisolone was stopped, the increased taste sensitivity did not reappear for 3 to 4 days. 4 . The nature of the effect of carbohydrate-active steroids on taste is obscure. It may be related to their effect on nerve function.
